
had comparable estimated use to fluometuron and also 
is used on cotton, was not detected, and its degradates 
were detected less frequently and at lower concentra-
tions than fluometuron (table 5). The physical and 
chemical properties of these two pesticides are similar; 
however, the field dissipation half-life of fluometuron 
is about twice as long as that of aldicarb (Wauchope 
and others, 1992). Glyphosate, the exception to the 
relation between use and detection frequency, had the 
highest estimated use and was applied within the 
buffer areas of all of the wells but was not detected 
(table 5). The analytical method for glyphosate had a 
higher MRL (0.1 µg/L) than many of the other pesti-
cides (table 5), but that probably does not account for 
the lack of detections. Median concentrations of 

fluometuron and atrazine detections 
were 0.41 and 0.12 µg/L, respectively 
(greater than the MRL for glyphosate), 
even though fluometuron and atrazine 
applications were about a third of the 
estimated amount of glyphosate 
applied. Glyphosate has a soil sorption 
coefficient two orders of magnitude 
higher than atrazine and fluometuron, 
and the aerobic soil half-life of glypho-
sate is 47 days compared to 146 and 
189 days for atrazine and fluometuron, 
respectively (U.S. Department of Agri-
culture, 2002). Degradates of glypho-
sate were not analyzed in this study.

Fluometuron and atrazine gener-
ally were detected in samples from 
wells where these pesticides were 
applied in the buffer area (fig. 12). 
Fluometuron was detected in samples 
from 83 percent of wells with buffer 
areas that had estimated use during 
2000 (fig. 12). Three of the four sam-
ples in which fluometuron was not 
detected had low DO concentrations 
(less than 1.5 mg/L), indicating long 
average ground-water residence times 
at these wells, slow rates of recharge, 
or some degree of confinement in the 
regolith (the fourth well could not be 
pumped continuously and did not have 
a DO measurement). Atrazine was 
detected in about 70 percent of the 
wells where it was applied in the buffer 
area in 2000; and, like fluometuron, 

five of the six samples from wells with estimated use 
in which atrazine was not detected had DO concentra-
tions less than 1.5 mg/L (the sixth sample did not have 
a DO measurement). Fluometuron was detected only 
in samples from wells where it was applied in the 
buffer area during the 2000 growing season; however, 
atrazine was detected at concentrations between 0.014 
and 0.21 µg/L in samples from six monitoring wells 
where no atrazine was applied in the buffer area during 
the 2000 growing season (fig. 12). These low-level 
detections of atrazine indicate either that residues per-
sist in the subsurface for periods greater than a year, or 
that the contributing area for these wells includes areas 
not accounted for by the buffer areas.
18 Shallow Ground-Water Quality in Agricultural Areas of Northern Alabama  
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Pesticide degradates represented 38 percent of 
the pesticides detected at concentrations greater than 
0.01 µg/L; however, degradates accounted for only 
17 percent of the pesticides analyzed. Nine of the 12 
most frequently detected pesticides were degradates 
(table 5). The occurrence of degradates generally coin-
cided with detection of the parent pesticide. Atrazine, 
fluometuron, and norflurazon degradates were com-
monly detected at concentrations comparable to or 
greater than the parent pesticide (table 5 and fig. 13). 
In some samples, the parent pesticide was not 
detected. Aldicarb sulfone and sulfoxide (degradates 
of the cotton insecticide aldicarb) were detected at 
concentrations less than 0.2 µg/L (table 5) in about 
22 percent of the samples, but aldicarb was detected 
only once at a concentration of 0.004 µg/L. Not all 
degradates analyzed were detected. Although carbofu-
ran was detected in two samples at low concentrations 
(less than 0.03 µg/L), two degradates analyzed 
(3-ketocarbofuran and 3-hydroxycarbofuran) were not 
detected. The MRLs for these degradates are 0.072 
and 0.062 µg/L, respectively.

Concentrations of the degradates of fluometuron 
generally were less than the fluometuron concentra-
tion, in contrast to norflurazon and atrazine degra-
dates, which typically were detected at higher 
concentrations than norflurazon and atrazine (fig. 13). 
The lower relative concentrations of fluometuron deg-
radates compared with atrazine and norflurazon may 
be the result of additional applications of fluometuron 
later in the growing season or may reflect slower rates 
of degradation for fluometuron. The principal degra-
date of fluometuron detected was demethylfluometu-
ron (41 percent of samples, table 5). The degradate 3-
(trifluromethyl) aniline (TFMA) forms from degrada-
tion of fluometuron or demethylfluometuron and was 
detected in 19 percent of the samples; 3-phenylurea, 
the degradate of demethylfluometuron was not 
detected. TFMA concentrations typically were low 
(median was 0.07 µg/L) and were less than demeth-
ylfluometuron concentrations; however, in the two 
samples from well 33, TFMA concentrations were 
considerably higher (0.24 and 0.42 µg/L), and demeth-
ylfluometuron concentrations were less than TFMA 
concentrations (< 0.05 and 0.18 µg/L). Samples from 
this well had a calcite saturation index near zero 
(table 4), indicating a longer average ground-water 
residence time than for other samples. Estimated 
recharge dates from CFC data for this well were in the 
mid- to late-1970s. The relatively high TFMA concen-
trations may be the result of the longer average resi-
dence time for ground water at this well, allowing 
more degradation to occur than at the other wells.

The deethylatrazine to atrazine ratio (DAR) has 
been used as a qualitative indicator of the pathways 
through which water and atrazine move into the sub-
surface (Adams and Thurman, 1991). Deethylatrazine 
forms from the breakdown of atrazine by microbes in 
the soil environment. A DAR less than 1 may indicate 
rapid transport to the subsurface with short residence 
times for water and atrazine in the soil zone. In the 
Eastern Highland Rim, sinkholes in addition to soil 
macropores could provide pathways for rapid move-
ment of water and pesticides into the ground water. 
The majority of atrazine concentrations were less than 
0.25 µg/L. The five samples with atrazine concentra-
tions greater than 0.75 µg/L had DARs less than 1 
(fig. 14), suggesting that these high atrazine concen-
trations are the result of rapid recharge to the aquifer 
with a short residence time in the soil zone. The few 
detections of metolachlor, which has a shorter aerobic 
soil half-life than atrazine (U.S. Department of 
Shallow Ground-Water Quality in Agricultural Areas  19
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Table 5. Summary statistics for pesticides detected at concentrations equal to or greater than 0.01 microgram per liter 
in samples from the Mississippian carbonate aquifer and estimated use of selected pesticides in buffer areas around 
wells

[F, fungicide; H, herbicide; I, insecticide; Degr., pesticide degradate; E, estimated value; --, no data; NA, not applicable; MRL, minimum reporting 

level; µg/L, micrograms per liter; lbs, pounds]

Pesticide 

Detection 
frequency
(percent)

Number of 
detections

Maximum 
concentration 

(µg/L)

Median 
detection

(µg/L) MRL
Pesticide 

type

Median 
estimated 
use (lbs)

Number of 
buffer 

areas with 
use during 

2000

Atrazine 62 20 1.83 0.12 0.007 H 36 21

Fluometuron 59 19 2.13 0.41 0.062 H 27 24

Deethyldeisopropylatrazine 59 19 0.071 E .022 E 0.06 Degr. NA NA

Norflurazon 53 17 0.71 0.081 0.077 H 8 24

Hydroxyatrazine 50 16 0.168 E .035 E 0.193 Degr. NA NA

Demethylnorflurazon 47 15 3.21 0.41 0.05 Degr. NA NA

Deethylatrazine 47 15 0.71 E .19 E 0.002 Degr. NA NA

Deisopropylatrazine 47 15 0.1 E .034 E 0.074 Degr. NA NA

Demethylfluometuron 41 13 1.85 0.39 0.05 Degr. NA NA

Aldicarb sulfone 22 7 0.16 E .12 E 0.160 Degr. NA NA

3-(trifluromethyl) aniline 
(TFMA)

19 6 0.42 0.07 0.05 Degr. NA NA

Aldicarb sulfoxide 16 5 0.085 E .029 E 0.027 Degr. NA NA

Metolachlor 12 4 0.92 0.19 0.002 H 5 22

Prometon 9 3 0.17 0.02 0.018 H -- --

Diuron 9 3 0.14 .016 E 0.079 H 11 24

Imazethapyr1 7 2 0.056 E NA 0.088 H < 0.5 15

Metalaxyl 6 2 0.022 E NA 0.057 F 4.3 24

Carbofuran 6 2 0.028 NA 0.003 I 0.8 21

Simazine 6 2 0.021 NA 0.005 H 0.5 21

Acetochlor 3 1 0.057 NA 0.002 H 5 21

Metribuzin 3 1 0.015 NA 0.004 H 3 24

Pendimethalin 3 1 0.059 NA 0.004 H 3.5 21

2,4-D methyl ester 3 1 0.025 E NA 0.086 H -- --

Diphenamid 3 1 0.014 E NA 0.058 H -- --

Glyphosate2 0 0 -- NA 0.1 H 127 32

Aldicarb 0 0 -- NA 0.082 I 28 24

Carbaryl 0 0 -- NA 0.003 I 2.7 21

Prometryn 0 0 -- NA 0.05 H 4.7 24

1Analyzed in 28 samples
2Analyzed in 17 samples



Agriculture, 2002), at high concentrations predomi-
nantly in samples with DARs less than 1 (fig. 14), sup-
ports the interpretation that high concentrations of 
atrazine result from rapid infiltration of recharge.

Given that pesticides used in buffer areas of 
wells differed, the total pesticide concentration (sum 
of all pesticide and pesticide degradates in a sample), 
in addition to the amount of cropland near a well, was 
used to evaluate which factors were related to pesti-
cide occurrence. Because soil properties are directly 
correlated to land use, discerning the influence of dif-

ferences in soil properties on the occurrence of 
pesticides in this setting is not possible. The 
total pesticide concentration was correlated to 
DO concentration and, in turn, related to factors 
correlated to DO concentrations. Although DO 
is positively correlated to nitrate concentration, 
partial correlation analysis indicates that nitrate 
and DO account for some of the variation in 
total pesticide concentration. Given the pre-
dominance of cropland near these wells and the 
relation between total pesticide and nitrate con-
centrations, fertilizer application to cropland is 
the probable source of nitrate to these wells. 
The relation between DO and total pesticide 
concentration indicates that pesticides are more 
likely to be detected at high concentrations 
where ground-water residence time is short and 
the rate of recharge is fast. Although the rela-
tion between total pesticide concentration and 
the calcite saturation index was not statistically 
significant, samples with the highest total pesti-
cide concentrations were associated with wells 
having ground water with a short residence 
time based on DO and the saturation index 
(fig. 15).

Pesticides were detected more frequently 
in samples from monitoring wells in this study 
than in samples from other agricultural areas 
across the Nation. Atrazine and its degradate, 
deethylatrazine, were detected in 62 and 
47 percent, respectively, of samples collected 
from the Mississippian carbonate aquifer 
(fig. 16). Atrazine and deethylatrazine were 
detected in about 25 percent of the monitoring 
wells sampled between 1991 and 2001 as part 
of agricultural land-use studies conducted by 
the NAWQA Program (U.S. Geological Survey, 
2002a) and were the most frequently detected 
pesticides nationwide. The greater frequency of 

detection in this study could reflect greater atrazine 
use in the LTEN than in the areas sampled in the 
national data set; however, about half of the wells in 
the national data set were in areas that had greater esti-
mated use of atrazine than in the LTEN (Thelin and 
Gianessi, 2000) (fig. 17). The average detection fre-
quency of atrazine in samples from areas nationwide 
with atrazine use greater than the LTEN was about 
30 percent, much lower than the 62 percent detection 
frequency in samples collected for this study. Metol-
achlor was the third most frequently detected pesticide 
22 Shallow Ground-Water Quality in Agricultural Areas of Northern Alabama  
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Figure 13.  Ratios of degradate to parent pesticide concentration
for fluometuron, norflurazon, and atrazine in samples from the
Mississippian carbonate aquifer.
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nationwide and was the fourth most frequently 
detected pesticide in this study (not including degra-
dates). Median concentrations of atrazine, deethylatra-
zine, and metolachlor were not statistically different 
between the data sets, but tended to be slightly higher 
in samples collected for this study than in samples col-
lected nationwide (fig. 16).

The cotton herbicides fluometuron and norflura-
zon also were detected more frequently in this study 
than in samples from agricultural land-use studies 
across the Nation (fig. 16). Fluometuron and norflura-
zon were detected in 59 and 53 percent, respectively, 
of samples in this study compared to 2 and 1 percent, 
respectively, of samples from the other study areas. 
These herbicides had limited use in the areas of the 
country represented by the national data (fig. 17, The-
lin and Gianessi, 2000), which may explain the lower 
detection frequency. Median concentrations of 
fluometuron and norflurazon were 0.41 and 0.08 µg/L, 
respectively, in this study, compared to median con-
centrations of 0.1 and 0.07 µg/L, respectively, for the 
national data (fig. 16).

Implications for Drinking-Water Quality of the 
Mississippian Carbonate Aquifer

Water-quality data collected for this land-use 
study and from a previous study of drinking-water 
wells located in the Eastern Highland Rim (Kingsbury 
and Shelton, 2002) indicate that the Mississippian car-
bonate aquifer is susceptible to contamination from 
nonpoint sources and that the water quality throughout 
much of the aquifer has been affected by activities 
associated with crop production. In the summer of 
1999, water samples from a network of drinking-water 
wells (predominantly domestic wells completed in 
bedrock) were analyzed for a broad range of constitu-
ents to characterize the quality of water in the aquifer 
(Kingsbury and Shelton, 2002). Domestic and public-
supply wells in the Eastern Highland Rim typically 
withdraw ground water from the bedrock in the Missis-
sippian carbonate aquifer. The water-quality data col-
lected from the shallow monitoring wells in this study 
represent water in the aquifer that should be most 
affected by activities associated with agricultural land 
use. Much of the recharge to the bedrock part of the 
aquifer is from water moving through the regolith. The 
monitoring well data are compared to data collected 
from 25 of the drinking-water wells that are completed 
in the Fort Payne Chert, Tuscumbia Limestone, and 
Shallow Ground-Water Quality in Agricultural Areas  23



Monteagle Limestone to characterize the effect of 
cropland on parts of the Mississippian carbonate aqui-
fer used for water supply. These drinking-water wells 
ranged from 44 to 157 ft deep, with a median depth of 
87 ft (Kingsbury and Shelton, 2002).

Concentrations of inorganic constituents in the 
agricultural land-use monitoring wells are similar to 
concentrations in the drinking-water wells from the 
previous study. Although drinking-water wells are 
completed in bedrock and generally are deeper than 
the monitoring wells, both groups of wells have simi-
lar ranges in DO, pH, and specific conductance 
(fig. 18). With the exception of a slightly higher 
median concentration of potassium in samples from 
the land-use monitoring wells, the land-use monitoring 
wells and the drinking-water wells are not statistically 
different with respect to major inorganic constituent 
concentrations. Potassium is a plant nutrient and is 
applied to agricultural lands, which may account for 
the slightly higher median concentration for samples 
from the land-use monitoring wells.

Nitrate concentrations generally were low in 
both well networks; the median nitrate concentration 
for the drinking-water wells was about 1.5 mg/L com-
pared to 1 mg/L for the monitoring wells (fig. 19). 
Nitrate concentrations greater than 5 mg/L were infre-
quent in both networks (fig. 19). The drinking-water 
wells had two samples that exceeded the maximum 

contaminant level of 10 mg/L. Point sources of nitrate 
(an animal feedlot and a small cooperative fertilizer 
storage facility) near these wells may have contributed 
to these high concentrations (Kingsbury and Shelton, 
2002). The generally low concentrations of nitrate in 
samples from the land-use monitoring wells support 
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